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Description 

FIELD OF THE INVENTION 

The present Invention relates in general to an 
optical position sensor, and In particular to an op- 
tical position sensor wherein a Faraday effect ele- 
ment Is utilized. 

DESCRIPTION OF THE PRIOR ART 

In aircraft and the like, the control surface of 
rudders, elevators and the like is controlled by 
control signals steered by a pilot. 

Such control signals were conventionally trans- 
mitted through a mechanical link mechanism to the 
control surface of aircraft and the like, but a fly-by- 
wire method has been recently used wherein con- 
trol signals are replaced with electrical signals. 

Rg. 1 schematically illustrates the operational 
principle of an actuator for controlling control sur- 
faces of aircraft and the like wherein a fly-by-wIre 
method is employed. A control signal from a pilot A 
moves an electrical hydraulic servo control valve 3 
through a FCC (Flight Control Computer) by a 
connector 2, and controls the control surfaces of 
aircraft and the like by an actuator 4. The move- 
ment of the control surfaces is detected by the 
piston of a position detecting mechanism 5, and 
the amount of the movement is converted into an 
electrical signal by a differential transformer 6 and 
fed back to the FCC through the connector 2. 

However, a control system utilizing electrical 
signals as described above tends to damage the 
stability of operation due to electrical noises. Such 
a control system therefore has been replaced with 
a control system utilizing optical signals which is 
not subjected to the influence of electrical noises. 
In this case, an optical sensor is needed in the 
position detection of an actuator for controlling con- 
trol surfaces of aircraft and the like. 

Optical rotary encoder, optical linear encoder 
and the like which have an encoder plate and light 
emitting and receiving portions may be used as the 
aforesaid optical sensor. Fig. 2 schematically illus- 
trates the principle of an actuator for controlling 
control surfaces of aircraft and the like wherein an 
optical linear encoder is employed. A signal gener- 
ator generating reference pulse signals is desig- 
nated by reference numeral 7, and successively 
transmits time-delay pulse signals to each of trans- 
mission lines generally designated by reference 
numeral 8. These pulse signals are supplied by an 
E/O (electro-optical) converter 9 to a light emitting 
element array 10 comprising light emitting diodes 
and the like conrespondlng to the respective trans- 
mission lines 8. The lights of the light emitting 
elements forming the light emitting element array 


10 are guided by fibers 11 and form a light projec- 
ting side digital optical signal array at a light pro- 
jecting side fiber head plate 12. An encoder plate 
fomned with Gray codes is Indicated by reference 

5 numeral 13, and adapted to be moved between the 
light projecting side fiber head plate 12 and a light 
receiving side fiber head plate 14 in the opposite 
directions Indicated by the arrow in Fig. 2. To the 
light receiving side fiber head plate 14 is con- 

10 nected optical fibers generally designated by refer- 
ence numeral 15, and the amount of movement or 
the position of the encoder plate 13 Is transmitted 
through an optical coupler 16 to an 0/E (opto- 
electrlc) converter 17, and a signal is supplied to a 

75 FCC (Flight Control Computer) by a demodulator 
18. Namely, the movement of a control surface by 
an actuator 19 Is fed through the encoder plate 13 
back to the FCC. Therefore, both the control signal 
from the pilot A and the position signal of the 

20 control surface are given to the FCC, and the 
control surface Is accurately controlled at all times. 

In the aforementioned control signal transmit- 
ting means using an optical sensor, it is necessary 
that a light be transmitted satisfactorily between the 

25 light projecting and receiving portions of the optical 
sensor. For example, in aircraft, the temperature 
and pressure around the aircraft is rapidly de- 
creased as the aircraft flies high into the sky from 
the ground. For this reason, dew tends to occur in 

30 the light projecting and receiving portions or en- 
coder plate, and If dew occurs, optical signals will 
not be transmitted satisfactorily between the light 
projecting and receiving portions and there will 
occur an adverse effect such as deterioration or 

35 disappearance of optical signals. An occurrence of 
dust also causes the same adverse effect. 

Fig. 3 shows another conventional optical posi- 
tion sensor. In Rg. 3, reference numeral 21 des- 
ignates an optical rotary encoder, and the light 

40 emitted from a light emitting element 22 Is Inputted 
to a light receiving element 27 through slits 24 
formed In a rotary disc 23 and through a slit 26 
formed In a stationary disc 25. An optical signal Is 
converted Into an electric signal by the light receiv- 
es Ing element 27, and the waveform of the optical 
signal is shaped and outputted by a Schmitt trigger 
circuit 28. As the rotary disc 23 rotates, the light 
from the light emitting element 22 is intermittently 
inputted to the light receiving element 27. As a 

50 result, a pulse signal proportional to the rotary 
speed of the rotary disc 23 Is outputted by the 
Schmitt trigger circuit 28. 

However, since the conventional optical posi- 
tion sensor mentioned above is constructed such 

55 that the optical signal from the light emitting ele- 
ment 22 passes through air and is transmitted to 
the light receiving element 27, the optical signal 
tends to be damped and deteriorated due to dew 
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occurring in the surfaces of ttie light emitting ele- 
ment 22 and light receiving element 27 and due to 
dust in air. For example, in the case pressure and 
temperature are rapidly changed during a short 
period as In the case of aircraft, dew is subject to 
occur because of the rapid change In pressure and 
temperature. 

Accordingly, It Is the object of the present 
Invention to provide an improved optical position 
sensor which overcomes the drawbacks mentioned 
above and which can be used satisfactorily even 
under a condition wherein temperature and pres- 
sure rapidly change and which detects with high 
accuracy and is structurally compact. 

SUMMARY OF THE INVENTION 

In accordance with an important aspect of the 
present invention, there is provided an optical posi- 
tion sensor for use on an aircraft comprising: light 
emitting means for emitting light; first optical wave 
guiding means connected at its one end to the light 
emitting means and adapted for guiding the light 
emitted from the light emitting means; polarizing 
means connected at its one end directly to the 
other end of the first optical wave guiding means 
and adapted to convert the light into light having a 
unitary plane of polarization; a Faraday effect ele- 
ment connected at its one end directly to the other 
end of the polarizing means and having reflecting 
means at its other end; a movable magnetic scale 
disposed In opposed relationship to the reflecting 
means and having a plurality of magnetized seg- 
ments mounted thereon, the unitary plane of po- 
larization being optically rotated in accordance with 
the arrangement of the magnetized segments; po- 
larization detecting means connected at its one end 
directly to said one end of the Faraday effect 
element and adapted to pass therethrough light 
wherein the plane of polarization thereof is not 
optically rotated; second optical wave guiding 
means connected at Its one end directly to the 
other end of the polarization detecting means and 
adapted for guiding the light from the polarization 
detecting means; and opto-electric converting 
means connected to the other end of the second 
optical wave guiding means and adapted for con- 
verting the light guided by said second optical 
wave guiding means into an electric signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawbacks of a prior-art optical position 
sensor and the features and advantages of an 
optical position sensor according to the present 
Invention will be more clearly understood from the 
following description taken in conjunction with the 
accompanying drawings: 


Rgure 1 is a block diagram showing the oper- 
ational principle of a conventional actuator for 
controlling control surfaces of aircraft wherein a 
fly-by-wire method is employed; 

6 Rgure 2 is a block diagram showing the princi- 
ple of a conventional actuator for controlling 
control surfaces of aircraft wherein a conven- 
tional optical linear encoder is employed; 
Rgure 3 Is a perspective view showing a rotary 

10 encoder wherein a conventional optical position 
sensor is employed; 

Figure 4 is a perspective view showing the oper- 
ational principle of an optical switching element 
wherein a Faraday effect element is employed; 
75 Figure 5 is a side view showing an optical 
switching element array comprising a plurality of 
optical switching elements each having a 
Faraday effect element; 

Rgure 6 Is a perspective view showing the oper- 

20 ational principle of an optical position sensor 
according to the present invention; 
Figure 7A is a diagram showing waveforms of 
time-delay pulse signals generated by the signal 
generator of Figure 6; 

25 Figure 7B is a diagram showing waveforms after 
the pulse signals of Figure 7A passed through 
the Faraday effect elements shown in Figure 7A; 
Figure 7C is a diagram showing a coupled 
waveform after the signals shown in Figure 78 is 

30 coupled by an optical coupler; 

Rgure 8 is a side view showing a first embodi- 
ment of an optical position sensor head accord- 
ing to the present invention; 
Figure 9 Is a side view showing an encoder 

35 plate which is used with the optical position 
sensor according to the present Invention; 
Figure 10 is a block diagram showing an optical 
position sensor wherein the optical position sen- 
sor head according to the present Invention is 

40 used; 

Figure 11 A is a diagram showing input pulse 
signals of the optical position sensor shown in 
Rgure 10; 

Rgure 116 is a diagram showing output pulse 
45 signals of the optical position sensor shown In 
Figure 10; 

Figure 12 is a side view showing a second 
embodiment of the optical position sensor head 
according to the present invention; 

50 Figure 13 is a side view showing a third embodi- 
ment of the optical position sensor head accord- 
ing to the present invention; 
Figure 14 Is a diagrammatic perspective view 
showing an optical position sensor constructed 

55 In accordance with a fourth embodiment of the 
present invention; 

Rgure 15 is a top plan view of the optical 
sensor head shown in Rgure 14; 
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Figure 16 is a side elevational view of tlie optical 
position sensor head shown in Fig. 15: 
Figure 17 is a schematic view illustrating trans- 
mission paths of optical signals within the optical 
position sensor head; 5 
Figure 18 is a diagrammatic perspective view 
showing an optical position sensor constructed 
in accordance with a fifth embodiment of the 
present invention; 

Rgure 19 is a top plan view of the optical io 
position sensor head shown in Figure 18; 
Rgure 20 is a side elevational view of the optical 
position sensor head taken In the direction A of 

Figure 19; 

Figure 21 is a schematic view illustrating trans- 75 
mission paths of optical signals within the optical 
position sensor head according to the fifth em- 
bodiment; 

Rgure 22 is a diagrammatic perspective view 
showing an optical position sensor constructed 20 
in accordance with a sixth embodiment of the 
present invention; 

Rgure 23 is a top plan view of the optical 
position sensor head shown in Figure 22; 
Rgure 24 Is a side elevational view of the optical 25 
position sensor head taken in the direction A of 

Rgure 23; 

Figure 25 is a side elevational view of the optical 
position sensor head taken in the direction B of 
Rgure 23; 30 
Rgure 26 is a schematic view illustrating trans- 
mission paths of optical signals within the optical 
position sensor head which is constructed in 
accordance with the sixth embodiment; 
Rgure 27 is a diagram showing timing signals 35 
which are generated from the timing generating 
circuit of Figure 26; 

Rgure 28 Is a diagram showing the output sig- 
nal of the linear encoder according to the sixth 
embodiment when the timing signals Tb. Tc and 40 
Tf of Figure 23 are given; 
Figure 29 is a schematic view illustrating trans- 
mission paths of optical signals in accordance 
with a seventh embodiment of the present In- 
vention; 45 
Figure 30 is a diagrammatic perspective view 
showing an optical position sensor constructed 
in accordance with an eighth embodiment of the 
present invention; 

Figure 31 is a top plan view of the optical so 
position sensor head shown in Figure 30; 
Rgure 32 is a side elevational view of the optical 
position sensor head taken in the direction A of 
Rg. 30; 

Figure 33 is a schematic diagram illustrating 55 
transmission paths of optical signals within the 
optical position sensor head of Figure 30; 
Figure 34 is a schematic view illustrating trans- 


mission paths of optical signals in accordance 
with a ninth embodim nt of the present inven- 
tion; and 

Figure 35 is a schematic view illustrating trans- 
mission paths of optical signals in accordance 
with a tenth embodiment of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring now in greater detail to the drawings 
and initially to Fig. 4, there is shown the operational 
principle of an optical switching element wherein a 
Faraday effect element is employed. A random 
polarization 29 guided by an optical fiber 30 
passes through a polarizer 31 and is taken out as a 
linear polarization 29a. When this linear polarization 
29a passes through a Faraday effect element 
(magneto-optical effect element) 32, the plane of 
polarization is optically rotated in the presence of 
magnetic field due to the Faraday effect. This opti- 
cally rotated polarization 29a' passes through an 
analyzer 33 and is again taken out as a linear 
polarization 29a". The angle of polarization of the 
linear polarization 29a" depends upon the intensity 
of magnetic field. By utilizing this principle, an ON- 
OFF signal of a light can be taken out in the 
presence of magnetic field. More particularly, by 
moving a magnetic scale (encoder plate) having 
magnets (not shown) toward and away from the 
Faraday effect element 32, the optical path of the 
Faraday effect element 32 is opened and closed 
without contact, and a position-detection signal (of 
the magnetic scale) can be taken out. 

Referring to Fig. 5, there is shown a set of 
optical switching element array 35 comprising a 
plurality of optical switching elements 36a» 36b. 
36c, 36d and 36e which are arranged in parallel on 
a substrate 37 and each of which includes a polar- 
izer 38, a Faraday effect element 39 and an ana- 
lyzer 40. Reference numerals 41 and 42 indicate 
optical fibers for optical waveguides, respectively. 

The optical switching element array 35 of the 
present invention having the aforesaid structure can 
obtain a position signal in cooperation with a mag- 
netic scale moving in opposed and parallel relation- 
ship with the array. In the signal wavefonm shown 
in Figs. 7A, 78 and 7C. time-delay pulse signals as 
shown in Fig. 7A are transmitted to a light emitting 
element array 44 comprising laser diodes and the 
like by a signal generator 43. These signals are 
transmitted through optical waveguides 41a, 41b, 
41c, 41 d and 41 d to the optical switching elements 
36a. 36b, 36c, 36d and 36e of the optical switching 
element array 35, respectively, each of the signals 
having the number of bits corresponding to the 
number of optical switching elements. If a magnetic 
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scale (encoder plate) 45 having magnets 45s. 45s 
and 45s as shown in Fig. 6 Is nnoved to the optical 
switching element array 35, only the optical switch- 
ing elements 36a. 36c and 36e located in opposed 
relationship to the magnets 45s, 45s and 45s will 
pass lights therethrough by Faraday effect, and 
therefore the optical signals as shown in Fig. 7b 
will be taken out. These signals are coupled by an 
optical coupler 46 and become an optical signal as 
shown in Fig. 7c. The coupled signal is converted 
into an electrical signal by an 0/E (opto-electric) 
converter 47 and becomes a position-detection sig- 
nal or control signal. 

Referring to Fig. 8, there is shown a first em- 
bodiment of an optical sensor head according to 
the present Invention wherein the aforesaid princi- 
ple of the Faraday effect shown In Figs. 4 through 
7 is utilized. In Fig. 8, reference numerals 37, 50 
and 46 indicate a sensor substrate, an optical mul- 
tiplexer and an optical demultiplexer, respectively. 
By using optical filers In optical waveguides 41, an 
optical distributor can also be used as a substitute 
for the optical multiplexer 50. Reference numerals 

51 and 52 indicate optical fibers which are con- 
nected to the optical multiplexer 50 and the optical 
coupler 46, respectively. An optical switching ele- 
ment array generally designated by reference nu- 
meral 35 comprises a plurality of optical switching 
elements 36a, 36b, 36c, 36d and 36e each having 
a Faraday effect element 39. Each optical switching 
element 36 is connected through the corresponding 
optical waveguides 41 and 42 to the optical mul- 
tiplexer 50 and the optical coupler 46. The optical 
switching element 36 comprises a lens 53, polar- 
izer 38, Faraday effect element 39, lens 54, ana- 
lyzer 40 and lens 55. The aforementioned optical 
elements located between the optical multiplexer 
50 and the optical coupler 46 are provided in the 
sensor substrate 37 and form a set of optical 
position sensor. 

Fig. 9 schematically illustrates an encoder plate 
45 used in combination with the optical sensor 
head of tiie present invention. On the encoder plate 
45, there are arranged a plurality of magnets S1, 

52 ... and Sn In accordance with the number of bits 
of the optical switching elements 36 of the optical 
switching element array 35. 

Fig. 10 shows an optical position sensor 
wherein an optical position sensor head according 
to the present invention is used. The members of 
the optical position sensor substantially Identical in 
function to those members shown in Figs. 5 
through 9 are designated by like reference nu- 
merals. A signal generator 43 successively trans- 
mits time-delay pulse signals (for example, ten 
bits) as shown in Fig. 11A to each of transmission 
lines 61. These pulse signals are suppli d by an 
E/0 (electro-optical) converter 62 to a light emitting 


element array 63 comprising light emitting diodes 
or different semiconductor lasers of different wave 
length and the like corresponding to the respective 
transmission lines 61. The lights of the light emit- 

5 ting elements of the light emitting element array 63 
are guided by optical fibers 64 to a unitary optical 
fiber 51 through an optical coupler 65. The light 
guided to the optical fiber 51 is distributed to 
switching elements 36 of an optical switching ele- 

10 ment array 35 by an optical multiplexer 50 moun- 
ted on a sensor substrate 37. The distributed lights 
are guided to an optical multiplexer 66 through an 
optical coupler 46 and ari optical fiber 52. The light 
guided to the optical multiplexer 66 Is transmitted 

75 through optical fibers 67 to a light receiving ele- 
ment array 68. When the distributed lights by the 
optical multiplexer 50 pass through the correspond- 
ing optical switching elements 36 of the optical 
switching element array 35, only the optical swltch- 

20 Ing elements 36 located in opposed relationship to 
the magnets of an encoder plate 45 pass lights 
therethrough by the Faraday effect. As a result, the 
position signal of the encoder plate 45 detected by 
the light receiving element array 68 becomes an 

25 Intermittent time series pulse as shown in Fig. 11 B 
by an 0/E (opto-electric) converter 47 and is Input- 
ted to a demodulator 69. This signal is to be 
inputted as a binary position-detection signal to a 
computer (for example, the FCC of Fig. 1 and the 

30 like) by the demodulator 69. 

Fig. 12 shows a second embodiment of the 
optical position sensor head according to the 
present invention. The members substantially iden- 
tical to those of the first embodiment of Fig. 8 are 

35 designated by like reference numerals and there- 
fore the description will hereinafter be omitted. This 
second embodiment is characterized in that an 
input signal is transmitted from a unitary optical 
fiber 51 to each of optical switching elements 36 of 

40 an optical switching element array 35 through an 
optical multiplexer 50 (or optical distributor) and 
Inputted to the corresponding CCD (Charge Coup- 
led Device) array or photodlode (not shown) 
through optical fiber connectors 42a. 

45 Rg. 13 shows a third embodiment of the op- 
tical position sensor head according to the present 
Invention. The members substantially Identical to 
those of the first embodiment of Rg. 8 are des- 
ignated by like reference numerals for avoiding the 

50 detailed description. This third embodiment Is char- 
acterized in that a plurality of input signals are 
independentiy transmitted to the corresponding op- 
tical switching elements 36 of an optical switching 
element array 35 and taken out from a unitary 

55 optical tiber 52 through optical waveguides 42 and 
an optical coupler 46. 

The form or number of the aforementioned 
optical multiplexers (or optical distributors) 50. op- 
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tical demultiplexers 46 and optical fiber connectors 
41a or 42a can be changed In accordance with the 
difference of signal processing system (for exam- 
ple, optical wavelength multiplexing and time-di- 
vision multiplexing) or the difference of external 
connectors (for example, a form and the like of 
optical fiber connectors). 

Referring to Figs. 14 through 17, there is 
shown a fourth embodiment of an optical position 
sensor according to the present Invention. 

In Rg. 14, a linear encoder 81 has a magnetic 
scale 83 which is driven to linearly move in the 
directions X-X' shown in Fig. 14 by an actuator 82. 
The actuator 82 is adapted to control an angle of 
control surfaces of rudders and the like of aircraft, 
and the linear movement of the magnetic scale 83 
corresponds to the angle of control surfaces. A 
optical position sensor head 85 is disposed in 
opposed relationship to the magnetic scale 83. On 
the surface 84 of the magnetic scale 83 opposed to 
the optical position sensor head 85 are uniformly 
arranged a plurality of magnetized segments (not 
shown). The arrangement of the magnetized seg- 
ments is closely related to the structure of the 
optical position sensor head 85 which is disposed 
in opposed and non-contact relationship to the 
magnetic scale 83. and this will hereinafter be 
described. Reference numeral 86 indicates a group 
of optical fibers for inputting input optical signals to 
the optical position sensor head 85, while reference 
numeral 86' indicates a group of optical fibers for 
outputting output optical signals of the optical posi- 
tion sensor head 65. 

Ftg. 15 is a top plan view of the optical position 
sensor head 85 which Is disposed in opposed 
relationship to the magnetic scale 83, while Fig. 16 
Is a side elevational view of the optical position 
sensor head 85 shown in Fig. 15. In Fig. 16, the 
optical position sensor head 85 Includes seven 
input optical waveguide 91a to 91 g which are 
adapted to guide seven input lights to the optical 
position sensor head 85, It should be here noted 
that the members corresponding to the optical sig- 
nals of seven systems are designated by char- 
acters a, b, c, d, e, f and g, respectively, and that 
only the members d'eslgnated by character a will 
hereinafter be described for avoiding the descrip- 
tion of the members b. c, d, e, f and g each having 
the same function. The seven "systems are called 
channels, which are designated by characters CHa, 
CHb, CHc, CHd, CHe, CHf and CHg, respectively. 

As shown in Fig. 15, the input optical 
waveguide 91a is connected at its one end to an 
optical fiber 94a forming a part of the optical fiber 
group 86, and at its the other end to a polarizer 
(polarizing means) 963 which Is adapted to convert 
an input light into a light having a unitary plane of 
polarization. The polarizer 96a is connected to a 


Faraday effect element 97 which has reflecting 
means (Faraday effect reflection means) 98 moun- 
ted on the end face of the Faraday effect element 
97 opposing to the magnetic scale 83. As shown in 

5 Fig. 15, the Faraday effect element 97 refracts the 
light guided by the polarizer 96a and directs the 
light to the reflecting means 98. while the reflecting 
means 98 reflects the light to pass the light again 
through the Faraday effect element 97. The optical 

10 path length within the Faraday effect element 97 
becomes twice as compared with the case that a 
light rs not reflected. According to the Faraday 
effect previously described, the Faraday effect ele- 
ment 97 is adapted to optically rotate the plane of 

75 polarization of the light being passing therethrough 
in accordance with the magnetism of the mag- 
netized segments 99a to 99g arranged on the 
magnetic scale 83. The reflected optical signal by 
the reflecting means 98 again passes through the 

20 Faraday effect element 97 and is guided to an 
analyzer (polarization detecting means) 100a which 
is adapted to select and pass therethrough only an 
optical signal having a predetermined plane of po- 
larization. That is, in the case a plane of polariza- 

25 tlon is optically rotated by the Faraday effect, the 
analyzer 100a douses or Interrupts the light, and In 
the case there is no rotation of plane of polariza- 
tion, the analyzer 100a passes the light thereth- 
rough. To the analyzer 100a Is connected an output 

30 optical waveguide 92a which guides to an optical 
fiber 95a the optical signal that passed through the 
analyzer 100a. The optical fiber 95a fonms a part of 
the aforesaid group of optical fibers 86' which 
comprises seven optical fibers 95a to 95g. 

35 The aforesaid optical fiber 94a for input lights, 
input optical waveguide 91a as a whole constitute a 
first optical waveguide 93a. while the output optical 
waveguide 92a and optical fiber 95a for output 
lights as a whole constitute a second optical 

40 waveguide 93a*. The first and second optical 
waveguides 93a and 93a* constitute first optical 
wave guiding means and second optical wave guid- 
ing means, respectively. 

The Faraday effect element 97 provides a 

45 Faraday effect with respect to seven independent 
optical signals as shown in Fig. 16, and the mag- 
netized segments 99 (only 99a to 99c, 99f and 99g 
are shown) of the magnetic scale 83 is provided in 
accordance with the seven Independent optical sig- 

50 nals that pass through the Faraday effect element 
97. More particularly, the magnetized segments 
99a to 99g are arranged in a direction shown by 
the arrow Y In Fig. 16 and In parallel relationship to 
the directions X-X'(Flg. 14) in which the magnetic 

55 scale 83 is moved. However, some of the mag- 
netized segments 99a to 99g are not provided as 
shown in Fig. 16 for obtaining a predetermined 
optical signal, i.e.. encode data, and this will 
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hereinafter be described In detail. 

in one end portions of the optical fibers 94 (94a 
to 94g) for Inputting seven optical signals to the 
optical position sensor head 85, there are provided 
seven semiconductor lasers (light source) 101a to 
lOlg each of which serves to emit an input light, as 
shown in Fig. 17. The optical semiconductor lasers 
101a to 101g constitute light emitting means for 
emitting a light. Also, in one end portions of the 
optical fibers 95 (95a to 95g). there is provided an 
opto-electric converting element array (opto-electric 
converting means) 102 which has opto-electric con- 
verting elements (not shown) respectively corre- 
sponding to the channels CHa to CHg. The opto- 
electric converting element array 102 has a 
photodiode array, CCD (Charge Coupled Device) or 
the like for instance, and is adapted to convert the 
optical signal outputted from the optical position 
sensor head 85 into an electric signal (hereinafter 
referred to as "opto-electric conversion"). 

The operation of the linear encoder 81 con- 
structed and arranged as mentioned above will 
hereinafter be described in detail. 

Fig. 17 illustrates transmission paths of optical 
signals within the optical position sensor head 85. 
In Fig. 17, the arrows A and B Indicate the plane of 
polarization of the optical signal immediately before 
and after the polarizer 96, the arrows C and D 
Indicate the plane of polarization of the optical 
signal immediately before and after the reflecting 
means 98, and the arrow E indicates the plane of 
polarization of the optical signal immediately after 
the analyzer 100. It is noted that the signal names 
of the members corresponding to the channels 
CHa to CHg are designated by characters a to g, 
respectively. 

The optical signals respectively emitted from 
the semiconductor lasers 101a to 101 g are guided 
by the respective optical fibers 94a to 94g and 
inputted to the optical position sensor head 85. At 
this point, the plane of polarization of each of the 
optical signals Aa to Ag in the optical waveguides 
91a to 91 g is random as shown in Rg. 17, and the 
optical signals Aa to Ag are converted into optical 
signals Ba to Bg each having a unitary plane of 
polarization (linear polarization) by the polarizers 
96a to 96g. The optical signals Ba to Bg pass 
through the Faraday effect element 97, become 
optical signals Ca to Cg and are reflected by the 
reflecting means 98, The reflected optical signals 
Ca to Cg pass again through the Faraday effect 
element 97 and become optical signals Da to Dg, 
respectively, which are inputted to analyzers 100a 
to lOOg. When this occurring, If, as shown in Fig. 
16, the magnetized segments 99a to 99c, 99f and 
99g are an^anged on the magneto scale 83 in 
correspondence with the channels CHa to CHc, 
CHf and CHg, only the optical signals Ba to Be, Bf 


and Bg are optically rotated by the aforesaid 
Faraday effect (Faraday rotation) and become the 
optical signals Ca to Cg. Further, as the optical 
signals Ca to Cg are reflected by the reflecting 

5 means 98 and again pass through the Faraday 
effect element 97, the angle of plane of polarization 
of the optical signals Da to Dc, Df and Dg becomes 
larger. If. therefore, the optical signals Dd and De 
wherein the Faraday rotation has not occurred and 

10 the optical signals Da to Dc, Df and Dg wherein the 
Faraday rotation has occurred are inputted to the 
respective analyzers 100a to lOOg, the polarization 
of each of the optical signals Da to Dg will be 
detected for sure by the analyzers 100a to 100g. 

75 That is, tile optical signals inputted to tiie analyzers 
100a to lOOg has been optically rotated in accor- 
dance with the arrangement of the magnetized 
segments 99a to 99c, 99f and 99g, and only the 
optical signals Cd and Ce wherein the Faraday 

20 rotation has not occurred, can pass through the 
analyzers lOOd and lOOe. In this instance, the 
optical signals Da to Dc, Df and Dg cannot pass 
through tiie analyzers 100a to 100c. 100f and 100g 
as they are optically rotated, and the optical signals 

25 Dd and De which passed through the analyzers are 
inputted through the optical waveguides 92d and 
92e and through the optical fibers 95d and 95e to 
the opto-electric converting element array 102. Ac- 
cordingly, if a logic is [0] when an optical signal is 

30 received In the opto-electric converting element 
array 102 and [1] when an optical signal Is not 
received, the output of the array 102 will become 
[1 1 1 0 0 1 1] in the order of the channels CHa to 
CHg. This means that a digital output is obtained in 

35 accordance with the an-angement of the magne- 
tized segment 99. The absolute position of the 
magnetic scale 83 therefore can be detected by 
the digital output occurring in accordance with the 
position of tiie magnetic scale 83. 

40 Thus, as the ti'ansmission path of the optical 
signal does not pass through air and can be 
opened and closed in the presence of magnetic 
field, even if dew occurred on the surface of the 
optical position sensor head 85, the dew would 

45 have no effect on the transmission path of the 
optical signal. Accordingly, the optical signal can 
be effectively prevented from being damped and 
deteriorated even under circumstances wherein 
dew and the like tends to occur. 

50 In addition to the aforesaid effect, there are 
also the following effects: 

(I) As signals are transmitted by optical signals, 
they do not interfere with electronic circuits and 
the like, and also an occurrence of cross talk is 

55 very few. 

(II) As the absolute position of the magnetic 
scale 83 is outputted as a digital value, the 
optical position sensor head 65 can be obtained 
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which is suitable for use In a control system 
using a digital value. 

(III) As electronic parts are not included within 
the optical position sensor head 85, power sup- 
ply lines are not needed and also a recovery 
could be made rapidly even if there were an 
occurrence of EMI (Electromagnetic Interfer- 
ence) or BMP (Electromagnetic Pulse). Further, 
as the head 85 is structurally simple, production 
cost can be reduced and reliability can be en- 
hanced. 

(IV) As detecting means, i.e., the optical position 
sensor head 85 is disposed in non-contact rela- 
tionship to the magnetic scale 83, durability can 
be enhanced. 

(V) As the reflecting means 98 is provided In the 
face of the optical position sensor head 85 op- 
posite to the magnetic scale 83. the optical path 
length within the Faraday effect element 97 can 
be doubled and the sensibility of the optical 
position sensor head 85 can be greatly en- 
hanced. 

Referring to Figs. 18 through 21. there is 
shown a fifth embodiment of an optical position 
sensor according to the present invention. The 
members substantially identical to those of the 
fourth embodiment shown in Rgs. 14 to 17 are 
designated by like reference numerals for avoiding 
the detailed description. The fifth embodiment is 
characterized in that a light emitted from a unitary 
light source is distributed into a plurality of parallel 
input lights. 

In Fig. 18, a linear encoder 111 has a magnetic 
scale 83 which Is driven to linearly move in direc- 
tions X-X' shown in Fig. 18 by an actuator 82. An 
optical position sensor head 112 is disposed in 
opposed relationship to the magnetic scale 83. On 
the surface 84 of the magnetic scale 83 opposed to 
the optical position sensor head 112 are uniformly 
arranged a plurality of magnetized segments (not 
shown). The optical position sensor head 112 has a 
unitary optical fiber 113 for guiding an input light. 

Fig. 19 Is a top plan view of the optical position 
sensor head 112 which is disposed in opposed 
relationship to the magnetic scale 83, while Fig. 20 
Is a side elevatlonal view of the optical position 
sensor head 112 shown in Fig. 19. In Fig. 20, the 
optical position sensor head 112 includes the dis- 
tributing means (optical distributor) 114 connected 
to the unitary optical fiber 113, which optical distri- 
butor 114 is adapted to distribute the input light 
guided by the unitary optical fiber 113 into seven 
lights. The unitary optical fiber 113 and the optical 
distributing means 114 as a whole constitute first 
optical wave guiding means 93. As pr viously men- 
tioned, the members corresponding to the distrib- 
uted seven input lights are designated by char- 
acters a, b. c, d, e, f and g, respectively, and only 


the member designated by character a will 
hereinafter be described for avoiding the descrip- 
tion of the members b, c, d, e, f and g each having 
the same function. 
5 The optical position sensor head 112 further 

includes the polarizing means 96 which is con- 
nected to at its one end to the optical distributor 
114 and at its the other end to a Faraday effect 
element 97. The polarizing means 96 comprises 
10 seven polarizers 96a. 96b. 96c, 96d, 96e, 96f and 
96g. The Faraday effect element 97 has reflecting 
means (Faraday effect reflection means) 98 moun- 
ted on the end face of the Faraday effect element 
97 opposing to the magnetic scale 83. A reflected 
15 optical signal by the reflecting means 98 is guided 
to an analyzer (polarization detecting means) 100a 
as shown in Fig. 19. To the analyzer 100a is 
connected an optical waveguide 92a which guides 
to an optical tiber 95a the optical signal that passed 
20 through tiie analyzer 100a. The optical fiber 95a 
forms a part of a group of optical fibers 86' for 
outputting the output signal of the optical position 
sensor head 112. and the optical tibers 86' com- 
prises seven optical fibers 95a to 95g. The optical 
25 fiber 95a and the optical waveguide 92a as a whole 
constitute second optical wave guiding means 93'. 

In one end portion of the optical fiber 113 for 
inputting an optical signal to the optical position 
sensor head 112, there is provided a unitary semi- 
30 conductor laser (light emitting means) 115 which 
serves to emit an input optical signal, as shown In 
Fig. 21. The light emitted from the semiconductor 
laser 115 is guided as an input light by the optical 
tiber 113 and distributed into optical signals Aa 
35 tiirough Ag by the optical distributor 114. As men- 
tioned in the fourth embodiment, the optical signals 
Aa through Ag are guided through the polarizers 
96, Faraday effect element 97. reflecting means 98, 
analyzer (polarization detecting means) 100. optical 
40 waveguide 92 and through optical fibers 95 to an 
opto-electric converting element array (transfer 
means) 102. Like the fourth embodiment of Fig. 14, 
a digital output signal is obtained by the opto- 
electric converting element array (transfer means) 
45 102 in accordance with the arrangement of the 
magnetized element on the magnetic scale 83. 

Thus, as the transmission path of the optical 
signal does not pass through air, the same effect 
as the fourth embodiment will be obtained. In addi- 
50 tion, by providing the optical distributor 114, the 
optical tiber 113 for guiding an input light to the 
optical position sensor head 112 can be made a 
unitary optical fiber and also the semiconductor 
laser 115 corresponding to the optical tiber 113 can 
55 be made a unitary system. This embodiment is 
specially suited where the distance of the optical 
tiber 113 becomes longer as in the case of aircraft 
and the like, and can greatly reduce expense as 


8 


15 


EP 0 319 172 B1 


16 


compared with the case that a plurality of semicon- 
ductor lasers are provided in accordance with a 
plurality of input lights. 

Referring to Figs. 22 to 28, there is shown an 
optical position sensor constructed in accordance 
with a sixth embodiment of the present Invention. 
The members substantially Identical to those of the 
fourth embodiment shown in Figs. 14 to 17 are 
designated by like reference numerals for avoiding 
the detailed description. The sixth embodiment is 
characterized in that a plurality of time shared 
parallel input lights are inputted and a unitary op- 
tical signal is outputted. 

In Fig. 22, reference numerals 131 and 132 
denote a linear encoder and an optical position 
sensor head, respectively. The optical position sen- 
sor head 132 has connected thereto a group of 
optical fibers 86 for guiding an input light and a 
unitary optical fiber 134 for guiding an output light. 
Rg. 23 is a top plan view showing the optical 
position sensor head 132. Fig. 24 is a side 
elevational view of the optical position sensor head 
132 taken In the direction A of Fig. 23 and Fig. 25 
is a side elevational view of the optical position 
sensor head 132 taken in the direction B of Fig. 23. 
In Fig. 23, an input light is inputted through an 
optical fiber 94a forming a part of the group of 
optical fibers 86 and through an optical waveguide 
91 a to a polarizer (polarizing means) 96a. The light 
polarized by the polarizer 96a Is guided to a 
Faraday effect element 97 by which the light is 
optically rotated according to the magnetism of a 
magnetized segment 99a. The optically rotated 
light is reflected by reflecting means (Faraday ef- 
fect reflection means) 98. That is, as shown in Fig. 
24. parallel input lights are guided to the Faraday 
effect element 97. and as shown in Fig. 25, the 
lights corresponding to channels CHa to CHg are 
guided through the Faraday effect element 97 and 
an analyzer 100a to optical mixing means (optical 
demultiplexer) 137. The demultiplexer 137 is adapt- 
ed to mix and composite the lights corresponding 
to channels CHa to CHg. and the composite unitary 
light is guided by the second optical fiber 134. The 
aforesaid optical fiber group 86. optical waveguide 
91 as a whole constitute first optical wave guiding 
means. The optical fiber 134 and demultiplexer 137 
as a whole constitute second optical wave guiding 
means. 

Although in one end portion of the optical fiber 
group 86 there are provided semiconductor lasers 
(light source) 115a, 115b, 115c, 115d. 115e. 115f 
and Il5g. the semiconductor lasers 115a and 115g 
respectively corresponding the channels CHa and 
CHg are omitted as shown In Fig. 26. Each of the 
semiconductor lasers 115b to Il5f is adapted to 
emit a light in response to timing signals Tb to Tf 
generated from timing generating means 138. As 


shown In Fig. 27. the timing signals Tb to Tf are 
pulse signals which are different in timing from one 
another. Therefore, the optical signals that pass 
through the Faraday effect element 97 are different 
5 in timing from one another in the accordance with 
the timing signals Tb to Tf. If the Faraday rotations 
are given as shown by the arrow C in Fig, 26. the 
optical signals Dd and De that passed through the 
analyzer 100 will be composited by the optical 
10 demultiplexer 137, and become a composite op- 
tical signal LM as shown in Fig. 28 which is to be 
guided by the second optical fiber 134. The com- 
posite optical signal IM is converted into an elec- 
tric signal, i.e., serial data by an opto-electric cen- 
ts verting element 139, and further inputted to a de- 
modulator 140 and converted Into parallel data 
having the same timing, i.e., encoded data. 

The aforesaid opto-electric converting element 
139 and demodulator 140 as a whole constitute 
20 converting means. 

Thus, as the transmission path of the optical 
signal does not pass through air, the same effect 
as the fourth embodiment will be obtained. In addi- 
tion, the sixth embodiment Is advantageous in that 
26 the optical signal proportional to the magnetic 
change of the Faraday effect element 97. i.e., the 
output of the encoder 131 can be guided as a 
unitary optical signal LM by providing the optical 
demultiplexer 137. 
30 Fig- 29 schematically illustrates transmission 
paths of optical signals In accordance with a sev- 
enth embodiment of the present Invention. The 
optical position sensor head of this embodiment Is 
not shown as being substantially Identical in con- 
35 struction to the optical position sensor head 132 of 
the sixth embodiment shown in Fig. 22. but this 
embodiment is characterized In the manner in 
which an input light is given to the optical position 
sensor head. In Fig. 29, the members substantially 
40 identical to those of the sixth embodiment shown in 
Fig. 26 are designated by like reference numerals 
for avoiding the detailed description. The light emit- 
ted from a semiconductor laser 115 is guided to an 
optical switch (sharing means) 141 which is adapt- 
45 ed to output time shared optical signals to the 
respective optical channels CHb to CHf in accor- 
dance with the timings as shown In Rg. 27. As In 
the case of the sixth embodiment, time shared 
lights are inputted to the optical position sensor 
50 head 132, but in this embodiment the same input 
lights as the sixth embodiment are obtained by the 
provision of the optical switch (sharing means) 141 
in place of the semiconductor lasers 115a to 11 5g 
of the sixth embodiment which emit lights In accor- 
55 dance with predetermined timing signals Ta to Tg 
of Fig. 27. Accordingly, the seventh embodiment 
can reduce production cost as the semiconductor 
laser 115 comprises a unitary semiconductor laser. 
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In the seventh embodiment, the unitary semi- 
conductor laser 115 constitutes optical emitting 
means. The optical sharing means 141. a plurality 
of first optical fibers 86 and a plurality of first 
waveguides 91 as a whole constitute first optical 
wave guiding means. Optical mixing means 137 
and an optical fiber 134 as a whole constitute 
second optical wave guiding means. 

Rgs. 30 to 33 illustrate an optical position 
sensor constructed in accordance with an eighth 
embodiment of the present invention. The mem- 
bers substantially identical in construction to those 
of the fourth embodiment are designated by like 
reference numerals for avoiding the detailed de- 
scription. 

In Fig. 30, reference numerals 151 and 152 
designate a linear encoder and an optical position 
sensor head, respectively. The input and output 
lights of the optical position sensor head 152 are 
guided by a unitary optical fiber 153 and a unitary 
optical fiber 154, respectively. Each of the optical 
fibers 153 and 154 is adapted to transmit at the 
same time a plurality of lights which are different in 
wave length from one another. This will hereinafter 
be referred to as "wavelength multiplexing". 

In Fig. 31. input lights each having a different 
wave length are guided by the optical fiber 153 and 
multiplexed by a first optical multiplexer (first mul- 
tiplexing means) 155. The multiplexed lights are 
linearly polarized by polarizers 96a, 96b, 96c. 96d, 
96e, 96f and 96g. The input lights to be guided to 
the optical fiber 153 is guided, as shown in Fig. 33, 
by a first optical demultiplexer (first mixing means) 
156 which is adapted to composite lights emitted 
from semiconductor lasers 157b to I57f and trans- 
mit a unitary composite light. 

The aforesaid first optical demultiplexer 156, 
optical fiber 153. first optical nriultiplexer 155 as a 
whole constitute first optical wave guiding means. 

The semiconductor lasers 157b to 157f are 
adapted to emit time shared lights in accordance 
with a timing signal from a timing generating circuit 
(timing generating means) 138, and the emitted 
lights are different in wave length from one another. 
Therefore, the timings of the lights which pass 
through the Faraday effect element 97 become 
different from one another, and a serial optical 
signal composited by a second optical demul- 
tiplexer (second mixing means) 158 is guided 
through an optical fiber 154 to a second optical 
multiplexer (second multiplexing means) 1 59. 

The semiconductor laser^ and timing generat- 
ing means 1 38 constitute light emitting means. The 
second optical demultiplexer 158, optical fiber 154 
and second optical multiplexer 159 constitute sec- 
ond optical wave guiding means. 

The lights guided to the second optical mul- 
tiplexer 159 are fractionated into different lights of 


different wave lengths respectively corresponding 
to the semiconductor lasers 157b to 157f. and the 
fractionated different lights are Inputted to an opto- 
electric converting element array 160 corr spond- 

5 ing to channels CHb to CHF. The opto-electric 
converting element array 1 60 comprises opto-elec- 
tric converting elements each having sufficient sen- 
sibility to the wave length of a light to be received, 
and even if the wave length were different, the 

10 output level of the opto-electric conversion would 
be maintained constant The electric signals output- 
ted from the opto-electric converting element array 
160 are different in timing from one another, and 
converted into parallel data having the same timing, 

15 i.e., encoded data by a demodulator 140. 

Thus, in the eighth embodiment the same ef- 
fect as the fourth embodiment can be obtained by 
time sharing an input light and by "wavelength 
multiplexing" (i.e., by transmitting at the same time 

20 a plurality of lights which are different in wave 
length from one another). For this reason, the 
eighth embodiment is advantageous in that each of 
the optical fibers 153 and 154 can be made a 
unitary optical fiber. 

25 Fig. 34 schematically illustrates transmission 
paths of optical signals in accordance with a ninth 
embodiment of the present invention. This embodi- 
ment is substantially identical to the eighth embodi- 
ment shown In Fig. 33 except that an input light is 

30 not time shared. Therefore, this embodiment does 
not need the timing generating circuit 138 and 
demodulator 140 as shown in Fig. 33. In addition to 
the effect of the eighth embodiment, this embodi- 
ment is structurally simple and can reduce produc- 

35 tion cost. 

Fig. 35 schematically illustrates transmission 
paths of optical signals in accordance with a tenth 
embodiment of the present invention. This embodi- 
ment is characterized in that light emitting means 

40 comprises a unitary semiconductor laser 161 and 
that a plurality of lights which are different in wave 
length from one another are transmitted at the 
same time. The semiconductor laser 161 is adapt- 
ed to emit a plurality of different lights which are 

45 different in wave length from one another. The light 
emitted from the semiconductor laser 161 Is guid- 
ed to a multiplexer 155 by an optical fiber 153, and 
is fractionated into lights each having a predeter- 
mined wave length by the multiplexer 155. Accord- 
so ingly. in this embodiment the same effect as the 
ninth embodiment can be obtained by provision of 
the semiconductor laser 161. For this reason, this 
embodiment is more structurally simple and can 
further reduce production cost. 

55 While the optical position sensor according to 
the present invention has been applied to a linear 
encoder which detects a position of a body, it is 
noted that it also may be applied to a rotary 
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encoder which detects a rotation of a rotary body. 
In addition, the present invention is applicable to a 
demodulator, since an optical signal passing 
through an optical position sensor head is demodu- 
lated by arranging a magnetic head, which gives 
magnetism to the Faraday effect element 97 and 
which has channels corresponding in number to 
those of an optical position sensor head, in op- 
posed relationship to the optical position sensor 
head and by changing a polarity of the magnetism 
generated by the magnetic head. Furthermore, the 
present invention is applicable to an optical switch 
of the multichannel type, since a plurality of dif- 
ferent optical signals can be obtained in proportion 
to electric signals impressed to the magnetic head 
by changing the magnetic intensity so that an 
angle of the Faraday rotation is changed in propor- 
tion to the magnetic intensity. Furthermore, al- 
though In the aforementioned embodiments the 
optical path length within the Faraday effect ele- 
ment is doubled by reflecting a light one time by 
the use of the reflecting means 98, the optical path 
length can be greatly increased by reflecting sev- 
eral times the tight within the Faraday effect ele- 
ment 97 by the use of a plurality of reflecting 
means, and furthermore an optical sensor having 
high sensibility can be obtained. 

From the foregoing description, it will be seen 
that in accordance with the present Invention there 
is provided an optical position sensor which Is 
capable of controlling a light emitted from a light 
source without passing through air by the use of 
the aforementioned "Faraday effect" and which can 
prevent the damp and deterioration of the light 
even under particular circumstances where dew 
and the like tend to occur. 

While certain representative embodiments and 
details have been shown for the purpose of illus- 
trating the invention, it will be apparent to those 
skilled in this art that various changes and modi- 
fications may be made therein without departing 
from the scope of the invention as defined by the 
appended claims. 

Claims 

1. An optical position sensor for use on an aircraft 
comprising: 

light emitting means for emitting light; 

first optical wave guiding means connect- 
ed at its one end to said light emitting means 
and adapted for guiding said light emitted from 
said light emitting means; 

polarizing means (96) connected at its one 
end directly to the other end of said first op- 
tical wave guiding means and adapted to con- 
vert said light into light having a unitary plane 
of polarization; 


a Faraday effect element (97) connected at 
its one end directly to the other end of said 
polarizing means (96) and having reflecting 
means (98) at its other end; 
5 a movable magnetic scale (83) disposed in 

opposed relationship to said reflecting means 
(98) and having a plurality of magnetized seg- 
ments (99a to 99g) mounted thereon, the uni- 
tary plane of polarization being optically rotat- 
10 ed in accordance with the arrangement of said 
magnetized segments (99a to 99g); 

polarization detecting means (100) con- 
nected at its one end directly to said one end 
of said Faraday effect element (97) and adapt- 
75 ed to pass therethrough light wherein the plane 
of polarization thereof is not optically rotated; 

second optical wave guiding means con- 
nected at its one end directly to the other end 
of said polarization detecting means (100) and 
20 adapted for guiding said light from said po- 
larization detecting means (100); and 

opto-electric converting means connected 
to the other end of said second optical wave 
guiding means and adapted for converting said 
25 light guided by said second optical wave guid- 
ing means into an electric signal. 

2. An optical position sensor as set forth in claim 
1, wherein said first optical wave guiding 

30 means comprises a plurality of optical fibers 
and said polarizing means comprises a plural- 
ity of polarizers corresponding in number to 
said plurality of optical fibres and respectively 
connected directly with said plurality of optical 
35 fibers, and wherein said polarization detection 
means comprises a plurality of analyzers and 
said second optical wave guiding means com- 
prises a plurality of optical fibers correspond- 
ing in number to said plurality of analyzers and 
40 respectively connected directly with said plu- 
rality of analyzers. 

3. An optical position sensor as set forth in claim 
1, wherein said first optical wave guiding 

45 means, said polarizing means, said Faraday 
effect element, said polarization detecting 
means and said second optical wave guiding 
means comprise means to define a propaga- 
tion path for an optical signal which does not 

50 pass through an air space. 

Patentanspriiche 

1. Optlscher Positionssensor zur Venwendung bei 
55 einem Luftfahrzeug. mit: 

einer Lichtstrahleinrichtung zum Ausstrah- 
len von Llcht; 

einer ersten optlschen Weltenleiteinrich- 
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tung, die an ihrem einen Ende mit der Licht- 
strahleinrichtung verbunden und fGr ein Leiten 
des von der Lichtstrahleinrichtung ausgestrahl- 
ten Lichts geeignet ist; 

einer Polarisationseinrichtung (96). die an 5 
ihrenn einen Ende direkt mit deo) anderen 
Ende der ersten optisclien Wellenleitelnrlch- 
tung verbunden und fOr eine Umwandlung des 
Liclits in ein Licht geeignet ist, das eine ein- 
heitliche Polarisationsebene aufweist; io 

einem Element (97) mit Faraday-Wirkung, 
das an seinem einen Ende direkt mit dem 
anderen Ende der Polarisationseinrichtung (96) 
verbunden ist und eine Reflexionseinrichtung 
(98) an seinem anderen Ende aufweist; is 

eIner beweglichen Magnetskala (83), die 
zu der Reflexionselnrlclitung (98) gegenOber- 
liegend angeordnet ist und eine Vielzahl von 
daran befestigten magnetisierten Segmenten 
(99a bis 99g) aufweist, wobei die einheitliche 20 
Polarisationsebene in Obereinstimmung mit der 
Anordnung dieser magnetisierten Segmente 
(99a bis 99g) optisch gedreht wird; 

einer Polarisations-Oetektoreinrichtung 
(100), die mit ihrem einen Ende direkt mit dem 25 
einen Ende des Elements (97) mit Faraday- 
Wirkung verbunden und fUr eine Durchleitung 
von Licht geeignet Ist, bei welchem die Polari- 
sationsebene nicht optisch gedreht wird; 

einer zweiten optischen Wellenleiteinrich- so 
tung, die an ihrem einen Ende direkt mit dem 
anderen Ende der Polarisations-Detektorein- 
richtung (100) verbunden und fUr ein Leiten 
des Lichts von der Polarisations-Detektorein- 
richtung (100) geeignet ist; und 55 

einer opto-elektrischen Umwandlungsein- 
richtung, die mit dem anderen Ende der zwei- 
ten optischen Wellenleiteinrichtung verbunden 
und fUr eine Umwandlung des durch die zweite 
optische Wellenleiteinrichtung geleiteten Lichts 40 
in ein elektrisches Signal geeignet ist. 

2. Optischer Positionssensor nach Anspruch 1, 
bei welchem die erste optische Wellenleitein- 
richtung eine Vielzahl von optischen Fasern 45 
umfa/Jt und die Polarisationseinrichtung eine 
Vielzahl von Polarisatoren entsprechend der 
Anzahl der Vielzahl von optischen Fasern um- 
faiSt, die alle direkt mit dieser Vielzahl von 
optischen Fasern verbunden sind, und bei wel- so 
chem die Polarisations-Detektoreinrichtung 
eine Vielzahl von Analysatoren umfaBt und die 
zweite optische Wellenleiteinrichtung eine Viel- 
zahl von optischen Fasern entsprechend der 
Anzahl der Vielzahl von Analysatoren umfafit. 55 
die alle direkt mit dieser Vielzahl von Analysa- 
toren verbunden sind. 


3. Optischer Positionssensor nach Anspruch 1, 
bei welchem die erste optische Wellenleitein- 
richtung, die Polarisationseinrichtung, das Ele- 
ment mit Faraday-Wirkung, die Polarisations- 
Detektoreinrichtung und die zweite optische 
Wellenleiteinrichtung eine Einrichtung umfas- 
sen, um einen Fortpflanzungspfad fOr ein opti- 
sches Signal zu definieren. welches nicht 
durch den Luftraum hindurchgeht. 

Revendlcations 

1. Un capteur de position optique utilisable dans 
un avion et comprenant : 

un moyen d'^mlssion de lumi^re pour 
€mettre de la lumiere ; 

un premier moyen de guide d'onde opti- 
que relie par Tune de ses extremit^s audit 
moyen d'^mission de lumiere et adapts pour 
guider ladite lumiere dmise par (edit moyen 
d'emlssion de lumifere ; 

un moyen de polarisation (96) reiie par 
Tune de ses extr^mites directement ^ Tautre 
extr^mit^ dudit premier moyen de guide d'on- 
de optique et adapte pour convertir ladite lu- 
miere en une lumiere ayant un plan de polari- 
sation unique ; 

un §l6ment h effet Faraday (97) reli§ par 
I'une de ses extremit^s directement a Tautre 
extr^mit^ dudit moyen de polarisation (96) et 
ayant un moyen r^fl^chtssant (98) k son autre 
extr^mit^ ; 

une 4chelle magnetique mobile (83) pla- 
c^e en vis-a-vis dudit moyen r^fl^chissant (98) 
et portant un ensemble de plusieurs segments 
magnetises (99a h 99g), le plan unique de 
polarisation ^tant optiquement tourn^ confor- 
mement h la disposition desdits segments ma- 
gn^tis^s (99a k 99g) ; 

un moyen de detection de polarisation 
(100) reliS par Tune de ses extr^mites directe- 
ment k ladite extr4mit6 dudit ^I^ment k effet 
Faraday (97) et adapts pour laisser passer la 
lumiere et dans lequel le plan de polarisation 
n'est pas optiquement tourn^ ; 

un second moyen de guide d'onde optique 
relie par I'une de ses extr^mlt^s directement k 
I'autre extrdmite dudit moyen de detection de 
polarisation (100) et adap^ pour guider ladite 
lumiere dudit moyen de detection de polarisa- 
tion (100) ; et 

un moyen de conversion opto-electrique 
connect^ h I'autre extrdmit^ dudit second 
moyen de guide d'onde optique et adapts pour 
convertir en un signal ^lectrique ladite lumiere 
guid^e par ledit second moyen de guide d'on- 
de optique. 
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2. Un capteur de position optique selon la reven- 
dication 1, caract^ris^ ©n ce que ledit premier 
moyen de guide d'onde optique comprend un 
ensemble de plusieurs fibres optiques et en ce 

que iedit moyen de polarisation comprend un 5 
ensemble de plusieurs prismes de polarisation 
dont le nombre correspond au nombre desdi- 
tes fibres optiques et qui sont directement 
relics k chacune desdites fibres optiques, et 
caractdris^ en ce que ledit moyen de detection io 
de polarisation comprend un ensemble de plu- 
sieurs analyseurs et en ce que le second 
moyen de guide d'onde optique comprend un 
ensemble de plusieurs fibres optiques dont le 
nombre correspond au nombre dudit ensemble 75 
d'analyseurs et qui sont directement relives h 
chacun desdits analyseurs. 

3. Un capteur de position optique selon la reven- 
dication 1, caracteris^ en ce que ledit premier 20 
moyen de guide d'onde optique, ledit moyen 

de polarisation, ledit element h effet Faraday, 
ledit moyen de detection de polarisation et 
ledit second moyen de guide d'onde optique, 
comprennent en combinaison un moyen de 25 
definition d'une voie de propagation pour un 
signal optique qui ne traverse pas un espace 
d'air. 
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